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ABSTRACT
The catch per unit of effort of the sardine along the
coast of California has been published for the period 1932 to
'1953. This paper continues the catch per unit of effort study
through the 1961-62 season. Although the catch per unit of
effort varied greatly during this later period, it never reached
the high levels reported during the 1940's or decreased below
the values reported for the disastrous seasons of 1952-53 and
1953-54. Mortalities and year class strengths are briefly
discussed.
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INTRODUCTION
The measure of the catch per unit of .effort (CPUE) of sardine fishermen
off the coast of California dates back to the 1932-33 season. Although
earlier data were available, biologists felt that during this season the
effort became large enough for the return per unit of effort to reflect
population density on the fishing grounds (Clark and Daugherty, 1950).
Clark (1939) published the first series of estimates based on Monterey
and San Pedro landings for the 1932-33 through 1937-38 seasons. Silli-
man and Clark (1945) refined the methods, included the landings in San
Francisco, and calculated catch-effort data for the seasons 1932-33
through 1941-42. Further publications reported studies through the
1950-51 season (Clark and Daugherty, 1950, 1952) and the 1954-55 season
(Clark 1956). In this latter paper, Clark concluded that techniques
developed in previous studies "were satisfactory for the California
sardine fishery until 1952-53. During the seasons [just] prior to 1952
the fishery was failing rapidly ••• , but boats still operating were
sufficient to yield data on which to base the calculation of return per
unit of effort." The fishery collapsed in the following two seasons and
new ~ethods were developed by Clark (1956) in order to carryon the studies.
Although no new data have been published on sardine CPUE since 1956,
California Department of Fish and Game biologists began working in 1960 to
bring the studies up to date. Data were assembled, a computer program was
written, and preliminary results were obtained. For whatever reason, the
data were never published.
Renewed interest in publishing these data resulted from passage of a sardine
management bill (SB 192) by the California Legislature in 1973. The bill
prohibits the taking or possession of sardines for any purpose until the
spawning population of the northern population reaches an estimated 20,000
tons. Since CPUE is one method of estimating relative abundance of a fish
population, it was concluded that carrying these studies through 1961
(when.the northern population's spawning biomass was rapidly declining
toward 20,000 tons) might furnish data useful in working with future manage-
ment problems. The procedures and assumptions used in this paper are at
least as bold as those made in the earlier catch-effort studies mentioned
above. Although the results may be less reliable, they do give some indica-
tion of relative density of sardines on the fishing grounds.
METHODS
Since methods used in this paper were primarily modeled after those used
in the aforementioned earlier studies, a brief description of previous
methods is included when differences occur.
Unit of Measure
Catch per unit of effort both in tons and in numbers of fish is presented.
Catch statistics were compiled in pounds; therefore CPUE was first calcula-
ted using the short ton (2,000 pounds) as the unit of measure. These
tonnages were then converted to numbers of fish by using average weight
figures derived from age and length composition reports of the sardine catch
in each season.
(5)
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Unit of Effort
Former studies have all employed the lunar month, from full moon to full
moon, as the unit of effort. This time interval was chosen as the unit
of effort to allow for the effect of zero catches by a boat for which there
is no record of effort.
The lunar month stems from the night fishing habits of the fleet. The
lunar month was retained in this study (Table 1) as the unit of effort
because night fishing continued to predominate in the 1950's. This
decision permitted easier comparison of results with previously published
data.
Linkage
Clark (1956) points out that because of the constant change in the fleet
makeup and the continual improvement in fishing methods before 1954, it
was not possible to select a large enough group of boats which consistently
fished over a long period of time to compare their success from season to
season. This resulted in comparison of fishing success of each boat in
season n+l with its succeS8 in season p. An average measure of success
(i.e. average lunar monthly catch) for all boats considered was then ob-
tained for each season in these paired comparisons. A ratio of the season
n+l average to the season n average was calculated. A base season was
chosen, and ratios were used to link each succeeding or preceding season's
average lunar monthly catch to the base season in a chain sequence (Table 2).
The linked average lunar monthly catch thus represents success of sardine
fishermen in terms of size and efficiency of those boats operating during
the base year. In using such a chain sequence, any mathematical or pro-
cedural errors in the calculation of the ratio of success for any paired
seasons will be reflected in all future linked average lunar monthly catches.
However, misapproximations of the ratio of success because of the nature of
the fishery (i.e. one season may have had an inordinate number of days when
cannery limits were imposed thus holding down the catch) will tend to correct
themselves. For example, in Table 2 if catches band r are underestimated,
however, the ratio sir will be overestimated and the linked CPUE for Sea-
son 4 will tend to be close to the value that might have been expected if
there were no underestimate to begin with.
Data presented in this paper were for the most part, linked in the same
manner as they were in previous papers. Although the base season, 1941-42,
was retained, the data are presented in such a manner that future workers
can pick any season as the base season and recalculate the CPUE in terms
of that season.
Selection of Boats
The determination of which boats to compare and how to compare them is
probably one of the most ,critical procedures of a study of this kind.
Previously the number of boats considered in studies of sardine CPUE varied
from 47 to 85% of boats fishing in the two seasons being compared (Clark
and Daugherty 1950; Clark 1956). It is not apparent in former studies how
the number of boats to be considered for each comparison was determined.
It is possible that only those boats that fished throughout both seasons
were used in each comparison, as this would make the calculations somewhat
easier.
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TABLE 1. Dates of Lunar Months Used for Comparison of the Catch of Each
Boat With its Catch in the Corresponding Lunar Month of the
Prev ious Season.
SEASON
IDNAR MONTH
1953-54 1954-55 1955-l\F.
"August"
"September" Sept. 12 - Oct. 11
"October" Sept. 23 - Oct. 11 Oct. 12 - Nov. 9 Oct. 1 - Oct. 29
"November" Oct. 23 - Nov. 20 Nov. 10 - Dec. 9 Oct. 30 - Nov. 2~
"December" Nov. 21 - Dec. 20 Dec. 10 - Jan. 7 Nov. 29 - Dec. 28
"January" Dec. 21 - Jan. 19 Jan. 8 - Feb. 7 Dec. 29 - Jan 27
''February'' Jan. 20 - Feb. 17 Jan. 28 - Feb. 29
1956-57 1957-58 1958-59
"August" Aug. 11- Sept. 8
"September" Sept. 9 - Oct. 7 Aug. 30 - Sept.27
"October" Sept. 19 - Oct. 18 Oct. 8 - Nov. 6 Sept.28 - Oct. 26
"November" Oct. 19 - Nov. 16 Nov. 7 - Dec. 5 Oct. 27 - Nov. 25
''December'' Nov. 17 - Dec. 16 Dec. 6 - Jan. 4 Nov. 26 - Dec. 24
"January" Dec. 17 - Jan. 15 Dec. 25 - Jan. 23
"February" Jan. 16 - F~b. 14
1959-60 1960-61 1961-62
"August" Aug. 8 - Sept. 5
"September" Aug. 19 - Sept .17 Sept. 6 - Oct. 5 Aug. 26 - Sept.24
"October" Sept. 18 - Oct. 16 Oct. 6 - Nov. 3 Sept. 25 - Oct. 23
"November" Oct. 17 - Nov. 15 Nov. 4 - Dec. 3 Oct. 24 - Nov. 22
"December" Nov. 16 - Dec. 14 Dec. 4 - Jan. 1 Nov. 23 - Dec. 22
"January" Dec. 15 - Jan. 12 Dec. 23 - Jan. 21
"February" Jan. 22 - Feb. 19
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TABLE 2. Outline of Method Used to Link Average Lunar Monthly Catches
for Each Season to a Base Season.
AVERAGE LUNAR AVERAGE LUNAR MONTHLY
SEASON MONTHLY CATCH RATIO CATCH WITH LINKAGE
1 ·... ·..... x ·....... ·......... ·........... x
2 Y
y/x
x(y/x)·... ·..... ·....... ·......... ·..........
2 a b/a
3 ·... ·..... b ·....... ·......... ·......... x(y/x) (b/a)
3 r
sir
4 ·... ·..... s ·....... ·......... ·....... x(y/x) (b/a) (sir)
Season one(l) is base season.
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In the present study no fixed number o~ boats was considered for each sea-
sonal comparison. Since the data for the entire fleet were prepared for
analysis using a computer, it was possible to compare the monthly catches
of the maximum possible number of boats that fished in each comparable set
of lunar months.
As was mentioned earlier, the consideration of each boat's success in two
adjacent seasons resulted from the constant change in the fleet makeup.
The size of the fleet was declining at a steady pace during the seasons
1954-55 to 1961-62; however, it was determined that enough boats fished
consistently during this period to allow the computation of a "select
fleet" CPUE. This "select fleet" was determined to be the maximum numbe.r
of boats fishing in 1953-54 season that fished in all succeeding seasons up
to 1961-62 (Table 3).
The actual determination of whether a boat was fishing during a lunar month
was another problem. Prior to the 1952-53 season, a boat was considered
fishing if it fished in comparable lunar months of two successive seasons
and made deliveries in two of the four weeks of the months involved (Clark
1956). When the sardine fishery collapsed in 1952-53 and the fleet turned
to substitute species (Pacific and jack mackerel and anchovies), Clark
(1956) changed the criteria for establishing whether or not a boat was
fishing. Her major assumption was that any boat delivering anyone of the
four species was fishing for the more desirable sardine. It was necessary
to retain this assumption for this study, although, as the sardine fishery
continued to decline, the assumption became less and less tenable. Never-
theless, during the majority of these years the sardine was the preferred
species and the 1954-55 season was the only one when the maximum price paid
for mackerel was greater than that paid for sardines (Figure 1). During
this season the marketability of mackerel was extremely poor because of
imports. Regardless of the tenability of the multispecies assumption from
year to year, a boat was considered fishing an entire lunar month if it:
1) landed fish in 3 lunar weeks of the month;
2) landed fish in the last 2 lunar weeks but not the first 2, pro-
vided it landed fish in the last lunar week of the preceding
month;
3) landed f~sh in the first 2 lunar weeks but not the last 2, pro-
vided it landed fish in the first lunar week of the succeeding
month;
4) landed fish in the second and third lunar weeks only, provided
it landed fish in the last week of the preceding month or the
first week of the succeeding month;
5) landed fish in the first and fourth, first and third, or second
and fourth lunar weeks;
6) landed fish in only 1 lunar week of a month provided it also landed
fish in both the last week of the preceding month and the first week
of the succeeding month.
If the criteria in 2, 3, 4, or 6 were not met, a boat would be considered
as fishing 1/2 month or 1/4 month. For seasons that opened or closed dur-
ing a lunar month and/or had strikes during part of a lunar month, the
- 10-
TABLE 3. Number of Boats Used in the Calculation of Select Fleet Average
Lunar Monthly Catch Compared with Total Number of Boats Fishing
Sardines.
Season Number of boats Number of tons
Fishing Select Percentage Total Catch by Percentage
sardines fleet of total catch select fleet of total
S. California
1954-55 167 42 25 66,428 18,891 28
1955-56 159 42 26 73,257 22,463 31
1956-57 148 42 28 32,582 11,770 36
1957-58 128 42 33 21,107 4,345 21
1958-59 110 42 38 78,007 40,434 52
1959-60 101 42 42 20,335 10,654 52
1960-61 88 42 48 24,880 12,294 49
1961-62 63 42 67 21,469 10,973 51
C. Calif ornia*
1958-59 30 25 83 24,614 22,342 91
1959-60 37 25 68 15,418 13,165 85
* Data for Monterey for seasons 1958-59 and 1959-60 are included. because
of the resurgence of the fishery in Central California in those seasons.
--
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data for the months affected were adjusted accordingly.
Keeping in mind that Clark (1956) changed the criteria for establishing
whether or not a boat was fishing beginning in the 1952-53 season and that
the data in this paper are linked directly to her results, there is some
evidence that a reevaluation of the criteria should have taken place prior
to the 1952-53 season. As early as the 1946-47 season the fishery was
rapidly failing in central California. Boats probably were expending more
effort than was measured by the rules used prior to the 1952-53 season.
A large scale jack mackerel purse seine fishery began in California waters
in 1946-47. In the 1948-49 and 1949-50 seasons, economic conditions were
unfavorable, and boat limits imposed by the canneries had to be considered
and appropriate adjustments made (Clark and Daugherty 1952).
Boat limits were also in effect during the period covered by this study.
No corrections for possible effects of these limits were attempted because
they often changed from day to day, and limits were not always mentioned
in historical accounts of the fishery. As limits were in evidence every
season for varying periods of time, it is hopefully assumed that they had
little affect in comparisons of fishing success for the years 1953 to 1962.
Calculation of Average
Lunar Monthly Catch
In calculating the average lunar monthly catch for each season, only those
boats that fished in comparable lunar months of two adjacent seasons were
used in the analysis. Before the 1953-54 season, few apparent problems
arose as to what were comparable lunar months. The season had begun on
August 1st in Monterey and San Francisco since 1929. In the south, the
season had begun on November 1st from 1929 to 1940 and on October 1st from
1941 to 1956. When a strike was in effect at the beginning of the season,
it was usually settled before a lunar month had elapsed. In effect, there
were usually fish being caught in the same beginning "lunar months" in
adjacent seasons, so that "September" could be compared with "September,"
"October" with "October," etc.
After the 1952-53 season this comparison became more difficult with longer
strikes and one change in the beginning of the season. Because of the
variability in the beginning of fishing each season (Table 4), comparison
of a boat's catch in "the same lunar months" of adjacent seasons would
sometimes disregard an entire month's catch during one of the seasons.
With the variability of initiating fishing in mind, three different
approaches were used to calculate average lunar monthly catch.
The first two approaches retained the idea of comparing each boat's catch
in season n+1 with its catch in season n for "comparable lunar months."
In the first approach, the "same lunar months" in adjacent seasons were
considered as comparable lunar months, i.e., catches in "October" of sea-
son n+1 were compared with catches in "October" of season n, etc. In the
second approach, comparable lunar months were determined by their position
in relation to the beginning of the season, i.e., catches in the "first
lunar month" of season n+1 were compared with catches in the "first lunar
month" of season n, etc.
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TABLE 4. Approxtmate* Effective Dates of the Beginning of Fishing for the
San Pedro Wetfish Fleet in the Seasons 1953 Through 1961.
Season Beginning of Season Beginning of Fishing Cause for Delay
1953-54 October 1 October 12 Price negotiations
1954-55 October 1 October 24 Price negotiations
1955-56 October 1 November 7 Price negotiations
& cannery strike
1956-57 October 1 October 8 Price negotiations
1957-58 September 1 November 9 Price negotiations
1958-59 September 1 September 1 N/A
1959-60 September 1 October 4 Price negotiations
1960-61 September 1 September 1 N/A
1961-62 September 1 September 4 N/A
* Information from Pacific Fisherman Yearbooks, 1954-62, and Department of
Fish and Game, MRO Monthly Reports.
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The third approach made use of the "select fleet" mentioned earlier, and
the average lunar monthly catch was calculated without regard to whether
the individual boats fished in comparable lunar months of two seasons.
The "select fleet" method also allowed the inclusion of data for Monterey
in the 1958-59 and 1959-60 seasons, when central California catches repre-
sented 24 and 43% of the total tonnage landed in those seasons.
Analysis of data from central California by any of the three approaches
was impossible for the seasons 1953-54, 1954-55, 1955-56, 1956-57, and
1957-58 because few, if any, sardines were landed at Monterey during those
seasons. Although central California accounted for approximately 9%
of the total tonnage landed in both the 1960-61 and 1961-62 seasons, cal-
culations of "select fleet" average lunar monthly catch by the use of the
criteria, page 8, led to unrealistic CPUE data. For the 1958-59 and
1959-60 seasons the computed average lunar monthly catches were weighted
by the percentage of the total catch from the two areas and then combined.
The resultant average lunar monthly catches are reported, with and without
linkage, in tons for all three approaches (Figure 2; and Tables 5, 6, 7),
and in numbers for the third approach (Table 8).
AVERAGE LUNAR MONTHLY
CATCH AND TOTAL EFFORT
The determination of which method yields the best CPUE estimate is arbi-
trary. It may well be that an average of the data resulting from the three
methods would be most representative; however, I have chosen the select
fleet average lunar monthly catch (third approach) as the data on which
to base further calculations and make further comparisons. These data,
when linked, tend to support either one or the other of the first two
approaches for the seasons 1954-55 through 1957-58. For the remaining
seasons considered by the study, its values fall between the results of
the previous two methods with the trend being quite similar. Less arbi-
trary,reasons for choosing these data stem from actual calculations of
total effort.
Total effort in terms of size and efficiency of boats in the 1941-42 sea-
son can be calculated by dividing the linked average lunar monthly catch
into the total seasonal catch. This effort is reported as total boat
months for all three approaches (Tables 5, 6, 7 and 8). The first two
approaches yield total efforts which seem too low and too high for the
last few seasons, even in view of the increase in efficiency and tech-
nology of the fleet (Knaggs 1972). This might then suggest that some in-
termediate values would be more representative. It also should be
remembered that the select fleet method includes data for the Monterey
fishery in the 1958-59 and 1959-60 seasons.
With the above considerations in mind, it can be seen that, after the
collapse of the fishery in the 1952-53 and 1953-54 seasons, the fishable
population experienced an upsurge. This was possible due to both the
migration of fish from Mexican waters further north (Marine Research
Committee 1955; Ahlstrom 1959) and to the recruitment of a relatively
strong year class (Figure 4). If the 1954-55 average lunar monthly catch
may be considered as a minimal estimate because of a depressed market
(Clark 1956), then it would appear that the fishable population declined
in California waters during the period 1954 to 1957. The fishery experi-
enced a revival in the 1958-59 season, with strong evidence of northerly
- 15 -
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Figure 2. Sardine average lunar monthly catch (CPUE) for 1953-54 through
1961-62 seasons.
TABLE 5. Select Fleet Average Lunar Monthly Catch in Tons for California
Average Lunar Monthly Average Lunar Total
Catch Monthly Catch with Seasonal TotalLinka2e Catch Boat
SEASON Tons Ratio Tons Percentageff Tons Months
1953-54f ••••••.•• ......... ·......... 10.7 3.23 3,172 296 •.4
1953-54 ·........ 17.295 11.52151954-55 ·..... .... 198.850 •. ·.......... , .. 123.3 37.15 66,428 538.8
1954-55 ·........ 198.850 1. 08101955-56 ·........ 214.955 •• ·......... 133.3 40.16 73,257 549.6
1955-56 ·........ 214.955
.43891956-57 ·........ 94.350 .• ·......... 58.5 17.63 32,586 557.0
1956-57 ·........ 94.350
.68991957-58 ·........ 65.088 .• ·......... 40.4 12.17 21,107 522.5
1957-58 ·........ 65.088 4.43521958-59 ·........ 288.681* •• ·......... 179.2 53.99 102,621* 572.7
1958-59 ·........ 288.681*
.40391959-60 ·........ 116.585* .. ·......... 72.4 21.81 35,753* 493.8
1959-60 ·........ 116.585*
.81271960-61 ·........ 94.749 .. ·......... 58.8 17.72 24,880 423.1
1960-61 ·........ 94.749
.64431961-62 ·........ 61.046 .. ·......... 37.9 11.42 21,469 566.5
* Includes data from landings in Monterey.
f From Clark, 1956.
ff Percentage of 1941-42 season average lunar monthly catch of 331.9 tons.
.,
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TABLE 6. Average Lunar Monthly Catch in Tons for Southern California Using Comparable Lunar Months as,
"October" to "October", "November" to "November", etc. (first approach)
Average Lunar Monthly Average Lunar Total
Catch Monthly Catch with Seasonal
Linka2e Catch TotalBoat
SEASON Tons Ratio Tons PercentaRe,L Tons Months
1952-53~ ••••••••• 10.7 1.11211953-54 ·........ 11.7 ... ·......... 10.7 3.23 3,172 296.4
1953-54 ·........ 17.2 12.37211954-55 ·........ 212.8 ·.. ·......... 132.4 39.89 66,428 501.7
1954-55 ·........ 128.8 1.70111955-56 ·........ 219.1 ·.. ·......... 225.2 67.86 73,257 325.3
1955-56 ·........ 207.0
.27101956-57 ·........ 56.1 ·.. ·......... 61.0 18.39 32,586 534.2
1956-57 ·........ 101.2
.65021957-58 ·........ 65.8 ·.. ~ .......... 39.7 11.95 21,107 531.7
1957-58 ·........ 59.5 3.33781958-59 ·........ 198.6 ·.. ·......... 132.5 39.92 78,007 588.7
1958-59 ·........ 237.7
.43211959-60 ·........ 102.7 ·.. ~ .......... 57.2 17.25 20,335 355.5
1959-60 ·........ 109.7
.62531960-61 ·........ 68.6 ·.. It •••••••••• 35.8 10.78 24,880 694.8
1960-61 ·........ 97.6
.75921961-62 ·........ 74.1 ·.. Ie • • • • • • • • • • 27.2 8.19 21,469 789.3
* From Clark, 1956.
t Percentage of 1941-42 season average lunar monthly catch of 331.9 tons.
f:
....
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TABLE 7. Average Lunar Monthly Catch in Tons for Southern California Using Comparable Lunar Months as,
"First Lunar Month" to "First Lunar Month" etc. (second approach)
Average Lunar Monthly Average Lunar Total
Catch Monthly Catch with Seasonal TotalLinkage Catch Boat
SEASON Tons Ratio Tons Percenta2e t- Tons Months
1952-53* •••••••.•.. 10.7 1.11211953-54 ·.......... 11.9 ••• ·........... 10.7 3.23 3,172 296.4
1953-54 ·.......... 17.2 12.3721
1954-55 ·.......... 212.8 ••• ·........... 132.4 39.89 66,428 501.7
1954-55 ·.......... 198.7
.97691955-56 ·.......... 194. 1 .•• ·........... 129.3 38.97 73,257 566.6
1955-56 ·.......... 177.6
.62161956-57 ·.......... 110.4 ••. ·........... 80.4 24.22 32,586 405.3
1956-57 ·.......... 66.5 1.43311957-58 ·.......... 95.3 .•• ·........... 115.2 34.72 21,107 183.2
1957-58 ·.......... 59.5 3.33781958-59 ·.......... 198.6 •.. ·........... 384.5 115.85 78,007 202.9
1958-59 ·.......... 269.8
.36171959-60 ·.......... 97.6 ••• ·........... 139.1 41.91 20,335 146.2
1959-60 ·.......... 104.7
.83951960-61 ·.......... 87.9 .•. ·........... 116.8 35.19 24,880 213.0
1960-61 ·.......... 97.6
.75921961-62 ·.......... 74.1 ••. · ........... 88.7 26.72 21,469 242.0
* From Clark, 1956.
+ Percentage of 1941-42 season average lunar monthly catch of 331.9 tons.
.)
....
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TABLE 8. Select Fleet Average Lunar Monthly Catch in Numbers for California
Average Lunar Monthly Average Lunar Total
Catch Monthly Catch with Seasonal TotalLinka2e Catch Boat
SEASON Numbers Ratio Numbers Percenta2eff Numbers Months
1953-54f ·......... .......... ·......... 67,365 1.97 19,924,607 295.8
1953-54 108,176 14.47411954-55 ·......... 1,565,748 ·......... 975,046 28.50 527,068,--- 540.6
1954-55 1,565,748
.96681955-56 ·......... 1,513,767 ·......... 942,676 27.55 515,133,--- 546.5
1955-56 1,513,767
.36241956-57 ·......... 548,546 ·......... 341,599 9.98 189,473,--- 554.7
1956-57 548,546
.84751957-58 ·......... 464,914 ·......... 289,518 8.46 151,243,--- 522.4
1957-58 464,914 6.03331958-59 ·......... 2,804,954* ·......... 1,746,741 51.05 1,007,110,---* 576.6
1958-59 2,804,954*
.36231959-60 ·......... 1,016,304* ·......... 632,887 18.50 318,038,---* 502.5
1959-60 1,016,304*
.69091960-61 ·......... 701,844 ·......... 437,062 12.77 183,939,--- 420.9
1960-61 701,844
.56851961-62 ·........ 398,993 ·......... 248,469 7.26 140,559,--- 565.7
* Includes data from landings in Monterey.
f From Clark, 1956.
ff Percentage of 1941-42 season average lunar monthly catch of 3,421,649 fish.
~
\0
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migration of a southern stock of sardines (Radovich 1961). This revival
was followed by a decline and by the 1961-62 season, the density of the
fishable population had again reached a level comparable to the 1957 level.
At no time during this period did the CPUE collapse to the levels of the
1952-53 and 1953-54 seasons.
The total effort, as already mentioned, represents effort expended in
California in the terms of boats of the size and efficiency of those in
operation in 1941-42. Although the number of boats in the fishery was
decreasing year by year, the total effort varied little for the seasons
1954-55 through 1958-59.
In order to show within season changes, the select fleet average lunar
monthly catch for the southern California fishery was calculated for each
lunar month during the seasons 1954-55 through 1961-62 (Table 9). To clear
the picture these data were grouped and averaged for several seasons. Data
for the 1955-56, 1957-58 and 1959-60 seasons were not included in the
averages because of prolonged strikes at the beginning of the seasons.
These averages were then expressed as a percentage of the November values
and are compared with similarly treated data (Clark 1956) for previous
groups of seasons (Figure 3). As in previous periods, the greatest fish-
ing success took place in the first lunar month of the season. This was
the case for all seasons except the 1958-59 season. The degree of decline
in fishing success for the remainder of the season appears to have become
greater and greater as the fishery itself declined, reaching its steepest
point for the seasons 1951-52, 1954-55, and 1956-57. The within season
decline seems to be less extreme for the seasons 1958-59, 1960-61, and
1961-62; however, the exact relationship may be obscured by the change in
the beginning of the season in 1957 along with the increased vulnerability
of 2 year old fish during the 1958-59 through 1960-61 seasons.
RELATIVE YEAR CLASS STRENGTHS
In aforementioned CPUE studies, authors made use of total effort in estima-
ting relative year class strengths. This was last accomplished by Clark
(1956) who divided the total number of fish of a given year class caught
at age 2~ and 3~ years by the total number of boat months operating during
the two appropriate seasons. Another measure of year class strength, also
used preViously for the sardine, can be obtained by calculating the virtual
population of year classes by summing all the fish of each year class over
the number of years they appear in the fishery. The present study carries
both of these methods through the 1958 year class. The numbers of fish
were derived from Felin et al. (1952, 1953, 1955, 1958), Wolf et al. (1958)
Wolf and Daugherty (1961-,-1963), Gates and Wolf (1962), Daugherty~nd
Wolf (1960, 1964), Blunt and Kimura (1966, 1970), and Kimura and Blunt
(1967, 1970); and they include all fish landed in Monterey. The number
of boat months was taken from Table 8 of the current study.
The data indicate that the strongest year classes between 1950 and 1958
were the 1952 and 1956 year classes (Table 10 and Figure 4). The weakest
were the 1950, 1953, 1954, and 1958 year classes. The average strength
of these year classes appears to fall well below the average strength of
year classes in the 1940's and 1930's (Clark and Marr 1955).
Although the two scales in the graphing of year class strengths (Figure 4)
are arbitrary in relation to each other, there appears to be a greater
relative difference between the two methods for the years considered in this
\f
TABLE 9. Select Fleet Average Lunar Monthly Catch for the Southern California Fishery, in Thousands of Pounds
per Lunar Month Within the Season
Season Lunar Month
"September" "October" "November" "December" "January" "February"
1951-52* ••••••.•.•. ·............ 986.2 343.2 118.5 101.6
1954-55 •.••.•...•• ·............ 964.2 322.0 172.2 3.0
1955-56 •..••...... ·............ Strike 810.4 406.0 78.0
1956-57 •••.•••...• ·............ 761.8 97.8 127.6 31.6 12.0
3-Season average
1951-52, 1954-55
and 1956-57 •••.•••• ·............ 904.1 254.3 139.4 45.4
Percent of
November •....... ·............ 355.5 100.0 54.8 17.9
1957-58 •••.•..•••. Strike Strike 168.4 142.0 89.4
1958-59 •••.•...... 763.0 913.2 419.4 308.6 225.2
1959-60 .•..•...... Strike 487.2 243.6 115.2 116.0
1960-61 ••.•.....•• 340.2 180.4 115.2 54.6
1961-62 •....•..•.. 383.0 123.0 78.8 129.2 80.8 104.0
3-Season average
1958-59, 1960-61
and 1961-62 ••...... 495.4 405.5 204.5 164.1
Percentage of
November •.•...••• 242.2 198.3 100.0 80.3
* From Clark, 1956.
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Pigure 3. Changes within the southern C~lifornia season in average lunar
monthly catch for five, four, and three season periods. Data
up to 1951-52, season from Clark, 1956. Data for remaining
seasons from select fleet average lunar monthlv c.atc.hes.
"TABLE 10. Relative Strength of Year Classes Measured by the Number Taken per Boat Month When Approximately
2-1/2 and 3-1/2 Years Old and by the Virtual Population Number
At 2~ years old At 3~ years old Total number Total Virtual Pop.
3 3 caught at age boat Av. no. per in billionsYear class Numbers x 10 Boat months Numbers x 10 Boat months 2~ and 3~ months boat month of fish
1951 577 296.4 194,762 538.8 195,339 835.2 233.8 .353
1952 174,000 538.8 252,122 549.6 426,122 1,088.4 391.5 .542
1953 67,354 549.6 65,223 557.0 132,577 1,106.6 124.4 .177
1954 14,397 557.0 49,202 522.5 63,599 1,079.5 58.9 .114
1955 35,240 522.5 224,600 572.7 259,840 1,095.2 237.3 .283
1956 622,429 572.7 109,890 493.8 732,319 1,066.5 686.7 .817
1957 165,941 493.8 106,208 423.1 272,149 916.9 296.8 .451
1958 42,147 423.1 26,348 566.5 68,495 989.6 69.2 .106
1959 5,011 566.5 3,582 ----- 8,593 ----- ----- -----
NOTE: Numbers reflect all fish caught in California waters and boat months were derived from select fleet data.
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Figure 4. Relative strength of sardine year classes as measured
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Clark, 1956.
- 25 -
study than for previous years. Part of this difference probably is due to
discrepancies in the calculation of total effort. Another possible explana-
tion might be a large difference in the natural mortality for the two
periods. If the natural mortality coefficient for the 1950's was approxi-
mately double that of the 1940's as suggested by Murphy (1966), then fewer
numbers of older fish would be included in the virtual populations of the
1950's relative to the same estimate made in the 1940's. Therefore it
seems probable that the 1952 and 1956 year classes were at least as strong,
if not stronger, than the weakest year classes (1944 and 1945) prior to
the 1949 year class.
OTHER RELATIVE MEASURES OF ABUNDANCE
It is often desirable to compare relative estimates of abundance especi-
ally those that were derived independently. Unfortunately there are few
previous estimates of this type that lend themselves to direct comparison
with the present CPUE data.
Ideally, in view of the recent legislation, the CPUE data presented here
woul4 be a measure of the density of the northern population of sardines.
The fact that this is probably not true is supported by evidence that the
southern stock has been known to migrate northward and onto the southern
California fishing grounds, especially in warm water years. This northward
movement, already noted for 1954 and 1958, also occurred in 1959 (Radovich
1961). In both the 1954-55 and 1958-59 seasons there was a marked resurg-
ence of the fishery after periods of decline. Exactly how much the
southern sardine population contributed to the fishery or their effect on
the CPUE is unknown. Further clouding the issue is the question of spawn-
ing survival of these southern fish in California waters and their con-
tribution to future year classes.
It should be obvious that sardine CPUE at best can be considered only a
relative measure of the fishable population on the fishing grounds; and
any use in the future of these CPUE data in managing the northern sardine
population should take into consideration the probable effect of emigration
of southern stock fish into the fishery.
During the period covered by this study, California Cooperative Oceanic
Fisheries Investigations (CalCOFI) were involved in monthly cruises in the
California Current which included egg and larval surveys. These surveys
covered a grid of stations designed to encompass the entire spawning range
of the sardine. Ahlstrom (1954, 1959, 1966) gives the details of methods
and results, and references other papers pertinent to these surveys.
These surveys were the basis for estimates (Murphy 1966) of sardine spawn-
ing biomass from 1951 to 1958 over the entire area surveyed using the
classical "egg number-fecundity-biomass" approach. Unresolved problems
using this approach for the sardine include the inconclusive evidence as
to the number of spawnings per year (MacGregor 1957; Smith 1972), as well
as the effect of the aggregation and "patchy" distribution of the eggs
as spawning became more iimited in the area (Smith 1972). These estimates
also were not partitioned into northern and southern populations and do
not lend themselves to comparison here.
Data from CalCOFI surveys also were used by Smith (1972) to calculate re-
gression estimates of sardine and anchovy spawning biomass. His calcula-
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tiona were based upon apparent relationships between (1) sardine larval
abundance and Murphy's estimate (1966) of sardine biomass from catch data,
and (2) anchovy and sardine larval abundance. Smith states that these re-
gression estimates are used as a simple shorthand method of reporting an
apparent relationship. These estimates were concerned with the entire
range of the CalCOFI survey area and a close relationship with the current
CPUE data seems unlikely.
Murphy (1966) calculated sardine biomass estimates using catch, effort,
and age composition data for the period 1932-1960. These estimates, how-
ever, did not consider the northern and/or southern populations separately.
The virtual population method (Fry 1949), also referred to as "accumulated
age estimates" (Clark and Marr 1955), is one way to obtain comparative
data on the relative abundance of sardines on the fishing grounds. Although
this data would not be totally independent of the CPUE data, it is a simple
approach that includes in a minimum estimate the flexibility of only con-
sidering landings from certain areas. MacGregor (1964) published sardine
virtual population estimates for the period 1932 to 1957, and apparently
included all available Baja California landing data. Since aged landings
are now available for sardines through the 1965-66 season the virtual pop-
ulation for each season was recomputed and extended to the 1961-62 season
(Table 11). Since it was desired that these estimates be relative measures
of the northern population whenever possible, only that percentage of the
Baja California landings that were caught north of Punta Colnett were in-
cluded. This normally involved a rough approximation based on comments in
landing reports. A regression of these virtual population estimates with
the linked select fleet average lunar monthly catch in numbers yielded a
correlation coefficient of 0.85 (Figure 5). It should be remembered however,
that in order for the virtual population method to produce reliable estimates
of relative abundance, the assumptions of constant fishing and natural mor-
talities should be met.
Part of the bias in virtual population estimates may be overcome by assuming
or estimating a natural mortality and reconstructing the minimum population
that was present in anyone year in order to yield the catches in that and
subsequent years. Murphy (1966) in a "somewhat subjective decision" used
an assumed natural mortality coefficient of 0.80 for his calculations of
sardine spawning biomass for 1952 to 1960. Rather than arbitrarily using
this or any other assumed natural mortality in calculating a corrected
virtual population, it was decided to first take a closer look at available
data concerning sardine mortality.
Total mortalities may be calculated in a variety of ways with the avail-
ability of age composition and catch per unit of effort data. First, the
total mortality coefficient (2) can be calculated as the slope of the right
arm of the seasonal catch curves (Ricker 1958) where the abscissa repre-
sents natural logarithms of number of fish caught at age (Figure 6).
Secondly, with the use of the select fleet effort data (Table 8) and the
age composition of each season's catch, the relative abundance of each year
class at each age can be computed. These relative abundances can then be
used to construct "catch curves" (Figure 7) for the year classes affected
by fishing during the period 1954 to 1961. Total mortality coefficients
can then be calculated for each year class in the same manner as mentioned
above •.
TABLE 11. Uncorrected Virtual Population of Sardines at Beginning of Each Season in Thousands of Fish. Numbers*
at Age Represent Number of Fish of That Age-Class Caught in That Season and All Future Seasons.
~ Vir. Pop. Minus2 3 4 5 6 7 8 9 2 yr. olds ~ theSeason and older 2 yr. olds
1954-55 600,023 458,195 96,959 53,231 89,047 6,267 524 --- 1,304,246 1,004,234
1955-56 201,572 406,692 240,652 28,988 12,142 28,269 652 524 919,491 818,705
1956-57 119,408 130,867 142,235 32,632 4,024 1,700 8,139 128 581,368 521,664
1957-58 339,475 100,919 47,752 36,116 7,112 741 626 147 532,888 363,150
1958-59 1,185,330 299,571 45,953 19,708 8,261 1,648 ----- 199 1,560,670 968,005
1959-60 668,953 381,069 48,681 3,425 788 146 357 --- 1,102,638 768,161
1960-61 187,469 252,992 94,405 7,988 556 87 ----- --- 543,497 449,762
1961-62 48,209 86,646 93,487 41,853 3,471 333 ----- --- 273,999 249,891
* Numbers include Baja California season and interseason catch adjusted as indicated in text.
~
N
.....,
- 28 -
In :J:
· ~
-
M
•
Z
.... 0
.... 0 :2
•ci • ~
II)
•
c(
+ 4D III 0
• 0 tn &:D0
II) • ~0 ~ laJ~
•
~ :J:
• 0
(/)
1ft. · I&-
~
(/)
z
0
-
-J
G' -J
II) ii
• I
laJ
In ~
· Cl.
(,)
....
II)
• ~
•
q
-
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A third and fourth method made uS'e of the relative abundances of all fully
recruit$d and well represented year classes in year n and year n+l in
computing annual survival rates (Beverton and Holt 1957) and then convert-
ing to Z. This was first accomplished by computing the survival rates for
each year class separately and then averaging the resultant Z values.
Finally, annual survival rates were calculated from the sum of the rela-
tive abundances in year n+l divided by the sum of relative abundances in
year n, for respective year classes.
The results of these calculations are compared with estimates by previous
workers for the same period of time (Table 12). It should be realized
that all of these methods have certain limitations and assumptions inherent
in their use in general, and as applied to these data. Although none of
these series of estimates closely support each other for each year, the
fairly high values of Z tend to support the assumption of a relatively
high natural mortality coefficient.
A direct estimate of natural mortality was attempted through the use of
data collected on California Department of Fish and Game Sea Survey cruises
and ~eported in CalCOFI Data Reports 1 through 9. These estimates were
based on an assumption of instantaneous recruitment and the fact that
total mortality for prerecruitment year classes would then equal natural
mortality. Data needed for this estimate would be measures of the rela-
tive abundance of prerecruitment year classes. The possibility that these
data existed was discovered while working with the night-light station data
of these cruises.
Briefly, a light was deployed to attract fish at several stations during
each night of these cruises. Once fish were attracted near the boat, their
capture was attempted using any number of methods outlined in the cruise
reports. The presence of a species was noted whether it was captured or
not; and if enough fish were captured, they were usually sampled with age
and length frequencies being taken.
The percentage of positive night-light stations for sardines 2 years old
and older was plotted against the select fleet average lunar monthly catch
for 1954 to 1961 and Clark's (1956) average lunar monthly catch for 1950
to 1953. This was done using data taken between Point Conception and
Punta Banda for all cruises during a year (Figure 8) and for only cruises
conducted during the period September through November (Figure 9). Most
often a range of possible percentages for each year resulted from night-
light stations where sardines were present and either not sampled or not
aged. Even though the night-light station data are at best sketchy and
contain numerous sampling inconsistencies, they appear to be measuring
the same property as the CPUE.
With the problems in mind, the percentage of positive night-light stations
was taken to be a measure of relative abundance. Survival rates for "pre-
recruitment" year classes (or more accurately, partically recruited
year classes) were then ~alculated and converted to "natural mortality
coefficients" (Table 13). The maximum and minimum values obtained result
from the ranges of possible positive night-light stations. Problems in
frequency of sampling by this method for certain years negated the possi-
bility of calculations for several "prerecruitment" year classes.
Althoug~ the range of "natural mortality coefficients" is quite large,
- 32 -
TABLE 12. Summary of Total Mortalities (Z)
Season (1) (2) (3) (4) (5) Year class (6)
1952-53 .84 3.91 1948 1.02
1953-54 .84 .71 1949 1.48
1954-55 .83 1.13 .82 1.05 -- 1950 1.55
1955-56 1.50 1.66 1. 35 1.18 .63 1951 1.69
1956-57 1. 74 1.34 1.16 1.23 1.05 1952 1.19
1957-58 1.63 1. 37 1.22 1. 28 1.05 1953 1.45
1958-59 1.18 2.24 1.14 2.02 -- 1954 2.56
1959-60 2.07 1. 30 .95 1. 58 -- 1955 1.49
1960-61 2.22 1.16 1.19 2.16 -- 1956 1.06
1961-62 1.57 -- -- -- -- 1957 .89
1958 1.05
Mean 1.60 1.46 1.12 1.35 1.47 1.40
1) Z~values from regression on seasonal catch curves.
2) Each Z-value represents mean of Z-values obtained by calculating sur-
vival rates of year-classes from year n to year n+1..
3) Each Z-value obtained by calculating survival rate from sum of rela-
tive abundances in year n+1 divided by sum of relative abundances in
year n, for respective fully recruited year-classes.
4) From Murphy, 1966, with assumed M = .80
5) From Marr, 1960.
6) Z-values from regression on year-class catch curves.
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TABLE 13. Natural Mortality Coefficients Calculated from Relative
Abundance (% Positive Night-Light Stations) of "Precruit-
ment" Year Classes.
Year Age Min.Class Max. Median
1949 1
.08 .481949· 2 .29
1948
.84 1.02 .921948 3
1950 1
.11 1.27 .601950 2
1949 2
.39 .78 .581949 3
1952 1
.37 .67 .511952 2
1952 2 1.02 2.21 1.561952 3
1954 1
.46 1.17 .871954 2
1953 2 1.31 1.56 1.431953 3
1957 1
.09 .38- .241957 2
1956 2
.48 .77 41631956 3
Mean .51 1.03 .76
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there seems to be some support for a higher natural mortality than that
evidenced in the 1940's.
It was finally decided to use a 50% natural mortality rate (M = .69) in
reconstructing corrected virtual population estimates. Simplicity of
calculations was one factor considered and the fact that if the natural
mortality rate during this period was as high as 55% (Murphy, 1966) or
higher, the use of a smaller value would partially insure a minimal
virtual. population estimate.
The corrected virtual populations are reported in numbers and in tons
(Table 14). The conversion to tons was accomplished by the use of a mean
length at age data from yearly age and length composition reports and
the length-weight relationship reported by Clark (1952). A regression of
select fleet average lunar monthly catches against the corrected virtual
populations for one half of the 2 year olds and all older fish yielded
a correlation coefficent of 0.75 (Figure 10). As the relationship would
seem to be much closer with the exclusion of the years 1954 and 1958 as
outliers, adjustments were made to the virtual population based on the
vari~bility of the age of full recruitment. From the catch curves
(Figure 7) it can be estimated at which age a year class is closest to
being fully recruited. Based on this, the corrected virtual populations
were arbitrarily adjusted (Table 14) by considering:
1) All the 2 year olds and older fish when 2 year olds appear to
be the youngest fully recruited year class,
2) one-half of the 2 year olds, and all older fish when the 3 year
olds appear to be the youngest fully recruited year class, and
3) one-half of the 2 year olds, three-fourths of the 3 year olds,
and all older fish when the 4 year olds appear to be the youngest
fully recruited year class.
The adjusted values were also regressed with select fleet average lunar
monthly catch (Figure 11). The relationship here is much closer (r = 0.89)
and it would appear that the select fleet CPUE may be a good index of the
relative abundance of the fishable population. If this is the case, then
it may be hypothesized that the percentage of positive night-light stations
is measuring the same relative abundance.
SUMMARY
As was mentioned in the introduction, it was hoped that carrying the study
of sardine CPUE as far as pOSSible may provide useful data in coping with
future management problems. The major question at this time is how can
the Department determine when the spawning biomass of the northern popula-
tion reaches 20,000 tons. In the absence of a commercial fishery, the use
of familiar methods involving the catch equation and/or tagging concepts
to estimate population size seem impossible. Estimates from egg and lar-
val surveys seem unrealistic in view of the effort time, and money nece-
ssary and the unpredictability of spawning as concerns time and space.
The CPUE data presented in this paper seems to be measuring the relative
abundance of the fishable population on the fishing grounds, and it appears
that the percentage of positive night-light stations also may be an index
of this relative abundance. It is difficult, however, to relate these
...
..'
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TABLE 14. Virtual Population Estimates, Corrected with Assumed 50%
Natural Mortality Rate and Adjusted for Variable Age at
Recruitment.
Corrected virtual population Adjusted for variable age
~ 2 vear aIds and ~ll older fish at recruitment
Season 3 Tons 3 TonsNumbers x 10 Numbers x 10
1954.,..55 1,915,724 246,179 1,712,860 220,821
1955-56 1,297,592 182,867 1,297,592 182,867
1956-57 645,240 107,519 645,240 107,519
1957-58 683,946 93,541 644,293 87,876
1958-59 1,443,908 156,986 2,424,443 257,041
1959-60 1,267,562 152,059 1,886,002 222,368
1960-61 769,648 107,707 969,995 132,750
1961-62 410,568 62,636 410,568 62,636
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data to the "spawning biomass" of' the northern population, taking into
account ,the variability in the age at recruitment and the unascertained
contribution by the southern population in various years. If the corrected
virtual population estimates are reliable, the spawning biomass in the
1961-62 season was still over 20,000 tons.
The period 1949-1961 was marked by two relatively strong year classes
(1952 and 1956) whose recruitment was marked by a resurgence of the fishery
in 1954 and 1958. Both of these resurgences were then followed by a
decline in the fishery.
The CPUE during the seasons continued to decline, as had been the pattern
for earlier periods of the fishery, with the highest average lunar monthly
catch occurring almost exclusively in the first month of each season.
Available data tend to support the belief of a higher natural mortality
during the 1950's than during the 1940's.
RECOMMENDATIONS
At the present level of the spawning biomass of the northern population
[probably between 2,000 and 5,000 tons and possibly lower] and with no
indication of recruitment of a relatively strong year class in the next
couple of years, it seems highly unlikely that the spawning biomass of
sardines will reach 20,000 tons in the next 3 to 5 years. However, in view
of the problems involved in making a reliable biomass estimate in the ab-
sence of a commercial fishery, it would seem fruitful to monitor this pop-
ulation closely to detect as early as possible any signs of a resurgence.
In conjunction with the monitoring of the anchovy live bait fishery, it
would be of value if the presence or absence of young sardines was noted.
If possible, some measure of the frequency and relative abundance of these
fish in bait should be attempted on a continuing basis. This datum would
then furnish information concerning relative year class strengths. The
detection of a relatively strong year class would be the signal for an in-
crease in data gathering by other methods over the following few years as
these fish mature.
Even though it may be difficult to assign a reliable biomass level from
night-light station data~ sampling the population by this method would be
of value, especially if the emergence of a strong year class was detected.
Little, if any, data on the sardine could be expected by occupying night-
light stations in the California Bight at present levels of the population;
however, the cruises involved could be designed to gather information on
other pelagic species as well.
Periodically, sardines appear incidentally in commercial jack mackerel
landings. It might be worthwhile if a greater effort was made to monitor
the frequency of these occurrences, and to sample these fish even if
they are of trace amounts.
Since the majority of experienced sardine scale readers have long since
departed the scene, some effort should be made to gather whatever per-
sonal experience is available in order to insure the proper training of
younger personnel in this art. The possibility and practicality of aging
sardines by other methods should be reinvestigated.
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